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Abstract: 
Gall-inducing insects are an old evolutionary member of our world, but little is known 
about their impact on goldenrod, Solidago altissima’s growth and development. We tested the 
relationship between gall diameter and stem height and the effects of gall presence on stem 
height. We sampled 20 random 1m2 plots along a 30 meter long transect in a goldenrod field to 
find rosette and ball galls growing upon goldenrod. This transect was one of five other parallel 
transects, totaling approximately 150 m2 of land. We measured heights of galled plants, heights 
of healthy nearby plants, and the diameter of rosette and ball galls. We collaboratively obtained 
data for 9 ball galls and 96 rosette galls. I found that ball gall diameter has a strong inverse 
correlation with stem height and rosette gall diameter has a slight tendency to directly follow 
stem height. I observed ball galled stems having the exact same height proportions as ungalled 
healthy stems, whereas rosette galls have disproportionate heights compared to ungalled healthy 
stems. These results provide the necessary basis for determining the severity of effects gall-
inducing insects have on goldenrod host plants.  
Introduction: 
Parasites evolved from free-living ancestors millions of years ago, and the most ancient 
fossil evidence for gall-inducing parasitic insects dates back to the Triassic period which 
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occurred 200 million years ago (Poulin, 1998; Raman et al. 2005). The mouth parts and other 
structures needed to enter and feed on the host were pre-adaptations to parasitism and happened 
more instantaneously than gradually (Poulin, 1998). Because they were quickly evolving, the 
increased benefits of parasitism outweighed the costs imposed by the host. Poulin (1998) claimed 
that for a parasite to have evolved, its fitness as a parasite must be greater than its reproductive 
success as a free-living animal. A suitable definition of a parasite is an organism which lives in 
or on another organism, termed the host, feeds on the host, shows a degree of structural 
adaptation to the host, and causes the host some form of harm (Poulin, 1998). A parasite exists 
purely at the host’s expense and no benefit to the host can occur for the interaction to be 
correctly considered parasitism (Wilson, 1967). The relationship is based on nutrient uptake but 
the host also provides a protective habitat within its structure in which the parasite dwells 
(Wilson, 1967). The parasite rarely kills its host but the host can react to the predation with a 
variety of responses, one being the formation of abnormal growths of which two types are 
defined here. Hyperplasia is the rapid increase of cell division causing a proliferation of tissue as 
a result of irritation. Metaplasia is observed in plant galls induced by nematodes and is the 
transformation of tissue into a different tissue type. (Wilson, 1967). Parasites are also known for 
their host specificity which is the extent to which a parasite taxon, such as a species or family, is 
restricted in the number of host species used within the parasite’s life cycle (Poulin, 1998). Since 
parasite transmission depends on ecological and physiological constraints such as compatibility 
of hosts and having little or no mode of transportation, as is the case for wingless females of 
species within Cynipids, or gall wasps, parasites often have a short range of hosts averaging 
about ten species; the vicinity of which they do not stray far from (Wilson, 1967; Poulin 1998; 
Felt, 1940). 
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Plant galls are defined as abnormal growths of plant tissue induced by a variety of insect 
species (Schick and Dahlsten, 2009). Gall-inducing insects belong to the orders Thysanoptera, 
Hemiptera, Diptera, Hymenoptera, Lepidoptera, and Coleoptera (Miller and Raman, 2018; 
Schick and Dahlsten, 2009). The past global species richness estimate of 1964 estimated 13,000 
species of gall-inducing insects primarily occurring in temperate climates. Current studies are 
estimating between 21,000 and 211,000 gall-inducing insects exist (Espirito-Santo and 
Fernandes, 2007). Gall insects, depending on their species, attack certain portions of plants in 
different ways and cause injury but do not affect the remaining plant structure (Felt, 1940). 
Historically, scientists once believed gall wasps were primarily responsible for inducing galls via 
injecting plant tissue with poison and ovipositing (Gronemann, 1930). However, in gall midges, 
feeding and salivary secretions trigger gall development, or cecidogenesis (Raman et al. 2005). 
Yet, the stimulation caused by gall-inducing insects to prompt cecidogenesis is still 
misunderstood and many species prompt development using different mechanisms (Schick and 
Dahlsten, 2009). Once the gall response is triggered, two main responses occur upon halting 
normal growth processes: cells enlarge and divide rapidly, and old tissue develops into nutritive 
tissue specific to the insect species (Raman et al. 2005). The cecidogenesis system is 
extraordinarily complex. The first initiation is the insect choosing a host plant within an 
appropriate developmental stage. The second step is a highly specialized colonization or 
ovipositional behavior of the female. The third stage is triggering the timely physiological 
changes in the gall to enclose the immature insect. The final stage is the dehiscence, or reopening 
of the gall in synchronization with the insect’s maturation and departure (Raman et al. 2005). 
Three types of goldenrod galls exist in the Illinois region: ball galls, elliptical gall, and 
rosette, or bunch galls. Research was conducted exclusively on ball and rosette galls which will 
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be detailed here. The ball gall is created by the fitch gall fly, Eurosta solidaginis, and is a 
cylindrical gall growth on the stem of goldenrod, most commonly Solidago canadensis, upon 
which more than one gall may grow (Gronemann, 1930). The rosette gall is created by the midge 
species Rhopalomyia solidaginis which is in the Cecidomyiidae family of the Diptera order. R. 
solidaginis was first discovered by Felt in Albany, New York in 1908 (Gronemann, 1930; Gagne 
and Jaschhof, 2017). During the cecidogenesis, the gall inhibits stalk growth and causes leaves to 
bunch in a globular mass. The larval cell at the stalk’s tip is hidden inside the leaf mass 
(Gronemann, 1930). In rosette galls, gall midge larvae adhere to Poulin’s (1998) definition of a 
parasite adapting to the host’s structure by creating various larval chambers linearly to the galled 
stem diameter (Yukawa and Rohfritsch, 2005). 
Although more is becoming known of Cecidomyiidae gall-inducers, my class wanted to 
know specifically if gall diameters correlated with stem height in goldenrod. My expectation was 
yes because important nutrition and energy which could be spent on growth and development is 
actually being spent forming a gall to feed a midge larva. My expected outcome is a stunted 
growth in height of the goldenrod S. altissima. We also wanted to know if ball and rosette galls 
effected stem height. Again, my expected outcome is yes, since the energy produced by the plant 
is diverted from important physiological functions such as growth, development, and 
reproduction to the gall formation instead. 
Methods:  
We sampled 20 stratified random 1m2 plots along a 30 meter long transect to find either 
rosette or ball galls on goldenrod, Solidago altissima. This transect was one of five other parallel 
transects, totaling approximately 150 m2 of land, which classmates sampled within a goldenrod 
field at Warbler Ridge Conservation Area. Warbler Ridge sits North of Fox Ridge State Park and 
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Southeast of Charleston, Illinois. The data were collected at approximately 1400 on 19 
September 2019. Gall types were documented separately, however, no ball galls were observed 
by my group. Ball gall diameter was measured in millimeters from the center of the growth. The 
rosette gall diameter was measured, in millimeters, from the middle of the gall’s outgrowth from 
leaf tip to leaf tip. We measured stem height, in centimeters, from the base of the stem to the top 
of the flowers in healthy plants, from the base of the stem to the top of the rosette leaf bundle 
growth in galled goldenrod, and from the base of the stem to the top of inflorescence in ball 
galled goldenrod. All sampled healthy plants and ball galled plants were mature containing 
inflorescence. Rosette gall maturity could not be determined by observation due to the absence 
of inflorescences. All measurements were compiled from each group and ball galls from the 
other class section were added to even out the results. For clarification, the other class did not 
measure diameter, hence only four data points exist concerning gall diameter (Fig. 1) but data 
utilizing ball galled stem height compared to healthy ungalled stem height utilize nine data points 
(Fig. 3). 
The data on gall type, gall diameter, gall plant height, and healthy plant height were put into an 
Excel table. I formed two scatterplots from this data and calculated the correlation coefficients. 
We compared the rosette gall diameter with the galled plant height in centimeters using 
correlation analysis (Fig. 2) and compared the ball gall diameter with the galled plant height in 
centimeters using the same analysis (Fig. 1). A bar chart shows the differences in height between 
rosette galled plants, ball galled plants, and healthy plants occurring near the rosette and ball 
galled plants, respectively (Fig. 3). A paired t-test was performed for both rosette and ball galls 
comparing the galled stem height and healthy plant stem height (Kirkman, 1996). 
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Results:  
Ball gall diameter has a strong inverse correlation with stem height (r = 0.824; df = 2) 
(Fig. 1) for the four data samples analyzed. Rosette galls with greater diameters had a slight 
tendency to occur on S. altissima that had greater height values (r = 0.192; df = 94) (Fig. 2). 
Likewise, rosette galls which had smaller diameters grew on S. altissima with smaller height 
values. The ball galled plants and healthy nearest plants have the same height proportions as 
ungalled healthy goldenrod. Rosette galled plants are disproportionately shorter than the nearest 
ungalled healthy plants. Rosette galls do effect stem height (t = -14.3, df = 95, p = 0.000). Ball 
galls have no effect on stem height (t = 0.00445; df = 8, p = 0.997). 
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Figure 1. Scatterplot shows the relationship between ball gall diameter in centimeters and the galled plant stem 
height of ball gall plants in centimeters. Four data samples were collected at approximately 1400 on 19 September 
2019 from a goldenrod field at Warbler Ridge Conservation Area South of Charleston, IL 61920. The R2 value is 
shown. 
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Figure 2. Scatterplot shows the relationship between rosette gall diameter in centimeters and the galled 
plant stem height of rosette gall plants in centimeters. Rosette diameters were measured mid-gall from 
leaf tip to leaf tip. 96 data samples were collected at approximately 1400 on 19 September 2019 from 
a goldenrod field at Warbler Ridge Conservation Area South of Charleston, IL 61920. The R2 value is 
shown. 
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Figure 3. Bar graph depicting the relationship between ball and rosette galls on plant stem height based 
on S. altissima samples measured in Warbler Ridge Conservation Area south of Eastern Illinois 
University at approximately 1400. Standard deviation bars are shown. * denotes significance. 
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Discussion: 
The occurrence of ball galls have no effect on height compared to rosette galls (Figure 3). 
Ball gall stem height and ungalled stem height averaged 119 centimeters exactly. Rosette gall 
stem height averaged 98 centimeters whereas nearby ungalled stem height averaged 129 
centimeters. Rosette galled goldenrod appeared 31 centimeters shorter than their ungalled 
counterparts on average. One important indicator is the gall location. Because ball galls grow 
along the stem and not at the stem apex like rosette galls do, they may not inhibit the stalk 
growth in any capacity. Ball galls are potentially not inhibitors of stem tissue growth but rosette 
galls are known to impede stem tissue growth and continue leaf growth as a better encapsulation 
mechanism. Rosette galls will continue leaf bunching until the end of the parasitic cycle 
(Gronemann, 1930). An alternative explanation could be the impossibility of determining rosette 
galled goldenrod plant maturity due to the lack of inflorescences and only having measurement 
tools. Without being able to sample plant tissue and identify physiological maturity, this is a 
defining factor of the possible misrepresentation of the data. Another observation is that rosette 
galls lacking inflorescences also lack the added height of those golden flowers that ball galled 
goldenrod obtain. This may not completely correct the 31 centimeter gap in size but if we had 
measured the inflorescence in addition to plant height, we could deduct this possibility. In 
addition, comparisons between sampled rosette and ball gall growths are difficult to make 
because only four samples of ball gall diameters were obtained. A more reasonable gall sample 
of thirty or even twenty gall diameters would be more capable of comparisons.  
The ball gall diameter and stem height have a linear relationship in part because the gall 
is a sink to the plant (Schick and Dahlsten, 2009). The difference between sink and source in 
plants is the source, such as a mature leaf, provides photosynthetic sugars and nutrients to the 
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sink, such as an immature leaf or gall in this example (Taiz et al. 2015). In addition, sinks 
compete for nutrition, or photosynthate, transported from the source by partitioning the sugars 
off from other tissues (Taiz et al. 2015). Therefore, the larger the gall becomes in diameter, the 
more nutrients are being taken away from other young plant tissues. 
Rosette galls with greater diameters had a slight tendency to occur on S. altissima that 
had greater height values (Fig. 2). An explanation could be that gall-inducing insects seek out the 
best goldenrod in the field that will feed their larva the most nutrients. If a rosette inhibits the 
growth of the stalk, it will be partially preserved at the height when it began the cecidogenesis 
process, except for the region of bunching leaves. If a small plant produces a small rosette gall 
for its parasite, then it follows the linear fashion of allocating the appropriate, albeit limited, 
resources but the rosette will receive smaller amounts of resources to compensate for the size of 
the plant. Likewise, if a healthy, tall goldenrod produces a large rosette gall for the larva, then it 
will have more resources to allocate to gall enlargement and nutrition.  
A study which could proceed from the current observational experiment could be to 
measure galled and ungalled goldenrod at different stages of the galling cycle to determine the 
predominantly chosen host size for gall-inducers and determine if the plant grows, diminishes, or 
remains the same during the galling cycle. Then comparisons could be observed between the 
galled data and healthy ungalled goldenrod to determine more effects imposed on the goldenrod 
by gall-inducing insects. 
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